
Searching for Scale

Name:         Date:

Master 1.1

Biological 
Structure

Actual
Diameter

(in Meters)

Size Relative to Cell Object Used to 
Model Biologi-
cal structure

Measured 
Size of 

Model Object

Size Relative 
to Model Cell 
(the Room)

Cell 1 × 10–5       1 × 10–5

      1 × 10–5
Room 10 meters       10

      10

Bacterium 1 × 10–6       1 × 10–6

      1 × 10–5
Desk 1 meter    

Mitochondrion 5 × 10–7       5 × 10–7

      1 × 10–5

Virus 1 × 10–7

Ribosome 1 × 10–8

Protein 5 × 10–9

Glucose 
molecule

1 × 10–9

H2O molecule 1 × 10–10

= 1

= 1
10

= 1
20

= 1

= 1
10

1
10
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Probing for Answers Score Sheet
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Master 2.3

Probing for Answers—Level 1
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Probing for Answers—Level 2
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Probing for Answers—Level 3
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Probing for Answers—Level 4
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Probing for Answers—Level 5
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Probing for Answers—Level 6
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Master 2.9

Solution to Probing for Answers



Master 3.1

Memo from the Director, Global Science and 
Health Organization

Memo
TO: Members, Scientific and Health Evaluation Teams

FROM: Director, Global Science and Health Organization

RE: New disease

Our Division of Disease Surveillance recently reported a new disease affecting approximately 30% of 
the persons living in a small rural area of the United States. Affected individuals have a lack of energy 
and demonstrate a progressive loss of muscle function. Although we have no information yet, we 
believe the disease is caused by an infectious agent. Consequently, to limit the spread of this disease, 
immediate intervention is critical. 

We need your expertise to answer these questions:
 1. Is there evidence of disease at the cellular level? If so,
 2. Is the disease caused by an infectious agent? If it is,
 3. What is the infectious agent?
 4. Does the infectious agent attack muscle tissue?
 5. How might the infectious agent cause the disease?
 6. Is there a drug to treat or prevent the disease?

Blood and muscle tissue samples from unaffected and affected individuals are waiting for you. The 
microscopy and X-ray crystallography facilities at GSHO are being readied for your arrival. In order 
to gain information as quickly as possible, please develop a solid research plan before beginning your 
investigations.

Good luck!

Global Science and 
Health Organization

 



Master 3.2

Research Plan
Name:         Date:

1. To answer the question,

2. I will use this technology:

3. I chose this technology because

4. My hypothesis is 

5. I expect one of the following two results:

6. Observations (actual results) and interpretation:



Master 3.3

Example of a Research Plan
1. To answer the question,  

2. I will use this technology:

3. I chose this technology because

4. My hypothesis is 

5. I expect one of the following two results:

6. Observations (actual results) and interpretation:

1. To answer the question,  

2. I will use this technology:

3. I chose this technology because

4. My hypothesis is  (continue as above).

6. Observations (actual results) and interpretation:

1. To answer the question,  

2. I will use this technology:

3. I chose this technology because

4. My hypothesis is  (continue as above).

Is there evidence of disease at the cellular level (in 

muscle cells)?

Light Microscope

its resolution level allows me to see muscle cells.

There is evidence of disease in muscle cells.

I will see abnormal muscle cells in affected 

individuals OR I will see NO abnormal muscle cells in affected individuals.

Result 1—Muscle cells from affected individuals are different from normal muscle 
cells and those from unaffected individuals; interpreted as evidence of disease in 
muscle of affected individuals. Proceed to next question.

Is the disease caused by an infectious agent (bacteria)?

Light Microscope

its resolution level allows me to see bacteria.

Result 2—Muscle cells from affected individuals appear the same as normal muscle cells 
and muscle cells from unaffected individuals. Interpreted as lack of evidence of disease 
in muscle cells of affected individuals. Look for evidence of disease in other tissues.

Is there evidence of disease at the cellular level (blood)?

Light Microscope

its resolution level allows me to see blood cells.

OR



Master 3.4

Drug Discovery Evaluation Form

Name:         Date:

Molecule 1: Evaluation of X-ray crystallography, protein structure data:

Molecule 2: Evaluation of X-ray crystallography, protein structure data:

Molecule 3: Evaluation of X-ray crystallography, protein structure data:

Molecule 4: Evaluation of X-ray crystallography, protein structure data:

Overall evaluation: Is there a drug you would recommend to treat the disease? Justify your response. 
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Muscle Protein Structures Determined by 
X-Ray Crystallography

Muscle protein from affected people

     Along z-axis            Along x-axis   Along y-axis

Muscle protein from unaffected people

     Along z-axis            Along x-axis   Along y-axis
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Microscopes Across Time

1754 
Culpepper microscope

1850 
Ross microscope

1909 
Leitz Wetzler microscope

1948 
Spencer microscope

2004 
Modern research microscope
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Some Key Developments in Biology, 
Medicine, and Technology, by Year

BIOLOGY
1665  Cells first described (Robert Hooke).
1839  Proposal made that animal tissues are composed of cells (Theodor Schwann).
1869  DNA discovered (Friedrich Miescher).
1911  Structure of the atom discovered (Ernest Rutherford).
1942 Myosin and actin reported to be the main structural proteins of muscle (Albert Szent-

Gyorgi and colleagues).
1953 Double helix model of DNA proposed (James Watson and Francis Crick; their model was 

supported by X-ray crystallography done by Maurice Wilkins and Rosalind Franklin).
1953 Structure of hemoglobin determined using X-ray crystallography (Max Perutz and John 

Kendrew).
2000 Atomic structure of the large subunit of a bacterial ribosome resolved using X-ray crys-

tallography (Thomas Steitz and colleagues).

MEDICINE
1862 Germ theory published: infection is caused by bacteria (Louis Pasteur).
1868 First diagnosis made of a complex disease, multiple sclerosis (Jean Martin Charcot).
1892 Viruses discovered (Dimitri Ivanovsky).
1892 White blood cells identified (Elie Metchnikoff).
1893 First modern American medical school opens (Johns Hopkins University, Baltimore, Md.).
1895 First pharmaceutical research laboratory founded (Parke-Davis Company, Detroit, Mich.).
1928 Penicillin discovered (Alexander Fleming).
1959 First major drug to treat leukemia invented (Gertrude Elion).

TECHNOLOGY
1593 Thermometer invented (Galileo).
1883 First induction motor constructed, the basis of generating electricity (Nicola Tesla).
1895 X-rays discovered (Wilhelm Conrad Roentgen).
1912 X-ray crystallography invented (William Bragg).
1923 First electric refrigerator produced (Electrolux, Old Greenwich, Conn.).
1927 First working model of television (Philo Farnsworth).
1932 Electron microscope invented (Max Knoll and Ernst Ruska).
1969 First microprocessor designed, the basis for computer development (Marcian Hoff).




